INTRODUCTION
Currently, polyphenols have won interest due to their capacity to act as antioxidants. This capacity allows to stop the oxidation of fats and their subsequent oxidative alteration of the food (Zamora, 2007) . Cocoa (Theobroma cacao) production in Ecuador is approximately 230,000 metric tons per year (PROECUADOR, 2013) . The industrial process generates about 1,632 metric tons of waste per year (Murillo, 2008) , including the cocoa bean shell (CBS). Studies have reported the presence of polyphenols in cocoa bean shell (Nsor-Antidana et al., 2012) using different extraction methods and kinds of solvents (acetone, ethanol, methanol and water). Boskou et al. (2006) reports the utility of the cocoa waste as oil preserver in pharmaceutical products or to increase the phenolic content in oils.
On the other hand, vegetable oils have a wide consumption in food preparation, mainly in the elaboration of fritters. Synthetic antioxidants are commonly used as additives, to maintain the characteristics of elaborated products and avoid their oxidative degradation, in spite of the harmful effects on health described in the literature (Carocho et al., 2015) . Misnawi et al. (2014) have previously reported the application of natural antioxidant in cooking oil from polyphenol extracted of unfermented cocoa bean with excellent result. However, the application of polyphenol extracted of cocoa waste has not been published.
The presented study aimed to improve the quality parameters of cooking oils using polyphenols extracted from cocoa bean shell.
Ethanol, Hexane, sodium carbonate (Na 2 CO 3 ) and chloroform were of analytical grade and supplied by Panreac and J.T. Baker. Gallic acid, Folin-Denis reagent and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) were supplied by Sigma-Aldrich. Deionized water was obtained from a Mili-Q water purification system (Millipore, Bedford, Ma, USA). Refined soy oil free of synthetic antioxidants was provided by Industrias Ales C.A., located in Manta city, province of Manabí. Sodium hydroxide, starch, Acetic acid were analytical grade and supplied by Merck and Mallinckrodt.
Sample extraction: The pulverized, defatted CBS (2 g.) was extracted in 50 mL of deionized water with a reflux extraction (5 min.) (Nsor-Atindana et al., 2012) . Solutions obtained were filtered (Whatman No.1) and clarified by centrifugation at 4000 rpm, and 4ºC by 15 min. (Thermo Scientific). The supernatant obtained was subjected to a microfiltration process (0.45 µM). Sample was lyophilizate (Labconco 4.5) for further application.
Experiment condition: The fritter process was performed in a deep aluminum container, to allow the complete immersion of the sample of plantain. Two liters of soy oil were used to fry 200 g of plantain, maintaining constant the temperature of the oil and frying time at 180 O C for 3 minutes (Quiles et al., 2002) . Samples of the soy oil, taken at different times of frying were used to evaluate potential chemical changes.
Total polyphenol content (TPC): TPC was determinate by spectrophotometry (Synergy HT, Biotec) using the FolinDenis method and was expressed as gallic acid equivalents (GAE) in mg.g -1 dry material (Lachman et al., 2003) .
Free Fatty Acid (FFA): FFA was determined using the AOAC Official Method 940.28 (AOAC,1995) .
Peroxide Index (PI): PI was determined using the AOAC Official Method 965.33 (AOAC, 1995) .
Oil clarity and DPPH radical scavenging activity: Assays were determinate by spectrophotometry (Synergy HT, Biotec), measured at 520 nm (Oomah et al., 2005) and 517 nm (Minioti et al., 2010) .
Statistical analysis and optimization
In order to improve the quality parameters of cooking oils using polyphenols extracted from cocoa bean shell a 3 2 factorial design was performed. Frequency of use of the frying oil (0, 10 and 20 times) and the added quantity of the powdered polyphenol (0%, 0.02%, 0.04% (% m/m)) were consider as factors and free fatty acids, peroxide index, clarity, and DPPH antioxidant activity were selected as response variables. Response surface method was applied to achieve optimal quality parameters.
RESULTS AND DISCUSSION
The total polyphenol content was 6.04 ± 0.12 mg GAE/g of defatted sample using reflux extraction with water, this value is lower than the one described by Tapia (2015) who used water/methanol mix in polyphenols extraction (9.83 mg GAE/g). Similar studies were reported for this kind of waste using methanol and ethanol as extractions solvents (Arlorio et al, 2005; Martínez et al., 2012; Yapo et al., 2013) .The response of the factorial design and the properties evaluated are shown at Table 1 .
The analysis of variance (ANOVA) of the quadratic model is given in Table 2 . A good fitting model is represented by a R 2 value higher than 80% (Karazhiyan et al., 2011) . Furthermore, R 2 values are close to the adjusted R 2 , which demonstrate that the model fits the experimental and predicted values well. The associated p-value for the model is lower than 0.05 indicating that all responses are statistically significant (Montgomery et al., 2003) .
Effect of factors on free fatty acids
Free fatty acid parameter in fats and oils can be used to show the extent of its deterioration due to hydrolysis of TAG and/or cleavage and oxidation of unsaturated fatty acid (Abdulkarim et al., 2007) . Response data for FFA is shown on Table 1 where none of the values obtained exceeded the permissible maximum of 0.2% FFA (as oleic acid). Additionally, the relation between the factors are exposed at Table 2 and Fig. 1 , threfore, the adittion of polyphenol decrease the value of free fatty acid meanwhile the frecuency of oil use affects produce an increase on the FFA. This phenomenon is explained by the chemical reaction between the moisture of food and compounds of oil. Water food released during oil frying attacks the ester linkage of triacylglycerols and generates some compounds as diacylglycerols, monoacylglycerols, glycerol, and free fatty acids (Choe et al.,2007) . Thus, free (Chung et al., 2004) . Nonetheless, the level of free fatty acids in oils depends of other reasons as time, temperature and moisture content because the oils usually are exposed to various environments such as storage and processing (Mahesar et al., 2014) . Regarding the relation with polyphenols,the reduction of fatty acids in frying oils are explained by the presence of polyphenols in the samples. Phenolic compounds slow down the oxidation of oil compounds by hydrolysis. However, some studies have reported that this fact happen at room temperature and phenolic compounds become less effective at frying temperature due to volatilization or decomposition (Choe et al., 2007; Choe et al., 1998) . Factors as frequency of use (A), Polyphenol concentration (B), interaction of them (AB) and the square effect of concentration (B2) shows significant effect on FFA ( Table 2) .
Effect of factors on peroxide index
Peroxide index (PI) is an indicator of primary oxidation in oils and allows evaluating the quality control. The test detects the concentration of peroxides, which consists primarily of unstable hydroperoxides, which readily degrade generating products of secondary oxidations such as ketones and aldehydes, resulting in development of odd flavors. Higher PI values reflect lower oxidative stability, with detrimental effect on the oil quality (Pizarro et al., 2013) . According to Table 1 , PI value exceeded the permissible limit of 10 meq O2/Kg when the polyphenol concentration in the oil was 0% and was used 20 times (Table 1) . Those values are established by the norms CODEX STAN 210-1999 , (FAO, 2015 . Furthermore, as shown in Fig. 2 , there is a positive relationship between frequency and PI value. The increment in frequency of use of oil, increase the PI value. However, the addition of polyphenols, decrease PI value. Antioxidant prevent hydroperoxide and aldehyde formation in oils (Wills, 1980) and the protection increase using high concentration of polyphenols (Fig. 2) . Factors as frequency of use (A), Polyphenol concentration (B), interaction of them (AB) and the square effect of frecuency (A2) shows significant effect on PI (Table 2) .
Effect of factors on oil clarity
Changes on oil color intensity is affected by many factors such as products from thermo-oxidative deterioration and nonenzymatic (Blumenthal, 1991) , pigments and Maillard reaction products, (Gutierrez et al., 1988; Lalas et al., 2006; Delgado-Andrade et al., 2010) , particles of food left in the oil after food frying (Vijayan et al., 1996) and other aspects. Clarity response surface graph (Fig. 3) and the equation system (Table 2) shows a negative influence of the frequency and polyphenol concentration at the clarity parameter. The oil darkening is consequence of the presence of tocotrienols and phenolic that carry out the oligomerization and other chemical changes (Min et al., 1975) . On the other hand, the heat cause a deteriorative effect of oxidation and polymerization of oil that affects the color (Tyagi et al., 1996) . Frequency of use (A) and concentration of polyphenols (B) on oil has demonstrate a significant effect (Table 2) .
Effect of factors on DPPH antioxidant activity
Antioxidants naturally present or added to oils and foods can influence oil quality during frying (Choe E. and Min D., 2007) . The Fig. 4 demonstrate that when the usage of oil increase the antioxidant activity (DPPH) decrease.
Furthermore, the concentration of added polyphenol decrease such as the DPPH activity ( Table 2 ). The presence of antioxidants improves the stability of frying oil and prevents the oxidation of fatty acids (Liu and White, 1992; Chung J., 2004) . Antioxidants present phenolic structure or the phenolic configuration within their molecular structure giving them the function to inhibiting or interrupting the free-radical mechanism of glyceride autoxidation and frequency (A2) shows significant effect on PI (Table 2) . A, B, A2, B2.
Multiple response optimization
The desirability function approach (Derringer and Suich, 1980) was used to simultaneously optimize the multiple responses. The individual desirability values of FFA and PI responses were used to obtain a composite desirability value. This value has a range from zero to one in which the last represents the ideal case. Based on composite desirability value of 0.97, the optimum levels of frequency and polyphenol concentration are 20 times of use of oil and 0.01% of concentration. Those parameters will not exceed the maximum permissible values established in the norm CODEX STAN 210-1999, Rev. 2015 for PI (< 10 meq O2/Kg) and FFA (< 0.2%), as shown in Table 3 .
CONCLUSIONS
Addition of cacao-shell derived polyphenols improved the stability of the oils, with a clearer effect in samples used 20 times. Higher concentrations of polyphenols used as anti-oxidant in frying oils retard the generation of FFA and PI, and increase the DPPH antioxidant activity. Addition of polyphenols did not affect the coloration of the oil samples. 
